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Description

Technical Field

[0001] The present invention relates to a carbon ma-
terial, and more particularly, to a carbon material that
exhibits a hydrogen storage capacity.

Background Art

[0002] Hydrogen is drawing attention as a clean energy
source that does not generate carbon dioxide even when
burnt. Therefore, in order to use hydrogen as fuel, a meth-
od of storing and transporting hydrogen has been inves-
tigated.
[0003] As the method of storing and transporting hy-
drogen, a method using a high-pressure gas cylinder is
generally used. However, the gas cylinder has a draw-
back that it is heavy. Further, the storage efficiency per
unit volume of the gas cylinder has a practical limit, and
hence a significant increase in storage efficiency thereof
cannot be expected.
[0004] Meanwhile, as a method of storing hydrogen,
which replaces the gas cylinder, for example, a method
using a hydrogen storage alloy has been known. How-
ever, the hydrogen storage alloy has a drawback that the
hydrogen storage alloy itself is heavy. Therefore, there
is a demand for development of a material which is more
lightweight than the hydrogen storage alloy and which
exhibits a high hydrogen storage capacity.
[0005] In this respect, in recent years, carbon materi-
als, for example, a carbon nanotube, a carbon nanofiber,
and an activated carbon have drawn attention as mate-
rials that are lightweight and can store hydrogen, and a
use of those materials as hydrogen storage materials
has been investigated.
[0006] Specifically, for example, in Patent Literature 1,
there is disclosed a hydrogen storage body that contains
a carbon material having a specific surface area of 1,000
m2/g or more.

Citation List

Patent Literature

[0007] [Patent Literature 1] JP 2003-038953 A

Summary of Invention

Technical Problem

[0008] However, the related-art carbonmaterials have
a large specific surface area, and hence the related-art
carbon materials are inevitably bulky in order to achieve
a desired hydrogen storage amount.
[0009] The present invention has been made in view
of the above-mentioned problem, and one of the objects
of the present invention is to provide a carbon material

that is compact and exhibits an excellent hydrogen stor-
age capacity.

Solution to Problem

[0010] A carbon material according to one embodi-
ment of the present invention for solving the above-men-
tioned problem has a specific surface area of 200 m2/g
or less and exhibits a hydrogen storage capacity of
1.5310-5 g/m2 or more at a hydrogen pressure of 10 MPa.
According to the embodiment of the present invention, a
carbon material that is compact and exhibits an excellent
hydrogen storage capacity is provided.
[0011] The carbon material may have a total pore vol-
ume of 0.400 cm3/g or less. Further, the carbon material
may have a ratio of a molar content of nitrogen atoms
with respect to a molar content of carbon atoms, which
is measured by an elemental analysis method, of 0.030
or more. Further, the carbon material may be free of a
transition metal. Further, the carbon material may be ob-
tained by carbonizing a raw material that contains an
organic substance and is free of a transition metal.
[0012] Further, the carbon material may have a hydro-
gen storage amount (wt%) that increases linearly with
respect to a hydrogen pressure. Further, when a hydro-
gen storage amount (wt%) of the carbon material is
measured while a hydrogen pressure is increased from
0 MPa to 11.5 MPa, and then the hydrogen storage
amount is measured while the hydrogen pressure is de-
creased from 11.5 MPa to 0 MPa, a ratio of the hydrogen
storage amount at the hydrogen pressure of 4.0 MPa
measured while the hydrogen pressure is decreased,
with respect to the hydrogen storage amount at the hy-
drogen pressure of 4.0 MPa measured while the hydro-
gen pressure is increased, may be 1.2 or more.
[0013] A method according to one embodiment of the
present invention for solving the above-mentioned prob-
lem includes using any one of the above-mentioned car-
bon materials for hydrogen storage. According to the em-
bodiment of the present invention, a method of storing
hydrogen including using a carbon material that is com-
pact and exhibits an excellent hydrogen storage capacity
is provided.
[0014] A method of producing a carbon material ac-
cording to one embodiment of the present invention for
solving the above-mentioned problem is a method of pro-
ducing any one of the above-mentioned carbon materials
by carbonizing a raw material containing an organic pol-
ymer, the method including: determining a main chain of
the organic polymer; determining a plurality of candidate
terminal groups as terminal groups of the determined
main chain; providing a plurality of candidate polymers
each containing the main chain and at least one kind of
the determined plurality of candidate terminal groups;
carbonizing raw materials containing the provided plu-
rality of candidate polymers to prepare a plurality of can-
didate carbon materials; evaluating a hydrogen storage
capacity of each of the prepared plurality of candidate
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carbon materials; selecting at least one kind of the can-
didate carbon material from the plurality of candidate car-
bon materials based on a result of the evaluation of the
hydrogen storage capacity; and carbonizing a raw ma-
terial containing, as the organic polymer, the candidate
polymer used for preparing the selected candidate car-
bon material, to thereby produce the carbon material.
According to the embodiment of the present invention, a
method of producing a carbon material that is compact
and exhibits an excellent hydrogen storage capacity is
provided.
[0015] A method of producing a carbon material ac-
cording to one embodiment of the present invention for
solving the above-mentioned problem is a method of pro-
ducing a carbon material by carbonizing a raw material
containing an organic polymer, the method including: de-
termining a main chain of the organic polymer; determin-
ing a plurality of candidate terminal groups as terminal
groups of the determined main chain; providing a plurality
of candidate polymers each containing the main chain
and at least one kind of the determined plurality of can-
didate terminal groups; carbonizing raw materials con-
taining the provided plurality of candidate polymers to
prepare a plurality of candidate carbon materials; evalu-
ating a hydrogen storage capacity of each of the prepared
plurality of candidate carbon materials; selecting at least
one kind of the candidate carbon material from the plu-
rality of candidate carbon materials based on a result of
the evaluation of the hydrogen storage capacity; and car-
bonizing a raw material containing, as the organic poly-
mer, the candidate polymer used for preparing the se-
lected candidate carbon material, to thereby produce the
carbon material. According to the embodiment of the
present invention, a method of producing a carbon ma-
terial that is compact and exhibits an excellent hydrogen
storage capacity is provided.

Advantageous Effects of Invention

[0016] According to the present invention, a carbon
material that is compact and exhibits an excellent hydro-
gen storage capacity, and methods relating to the same
are provided.

Brief Description of Drawings

[0017]

FIG. 1A is an explanatory table for showing an ex-
ample of results obtained by evaluating the charac-
teristics of carbon materials in Examples 1 to 10 ac-
cording to one embodiment of the present invention.
FIG. 1B is an explanatory table for showing an ex-
ample of results obtained by evaluating the charac-
teristics of carbon materials in Comparative Exam-
ples 1 to 8 according to one embodiment of the
present invention.
FIG. 2A is an explanatory graph for showing an ex-

ample of a correlation between the hydrogen pres-
sure and the hydrogen storage amount of a carbon
material, which is evaluated in Examples 1 to 5 ac-
cording to one embodiment of the present invention.
FIG. 2B is an explanatory graph for showing an ex-
ample of a correlation between the hydrogen pres-
sure and the hydrogen storage amount of a carbon
material, which is evaluated in Examples 6 to 10 ac-
cording to one embodiment of the present invention.
FIG. 3 is an explanatory graph for showing an ex-
ample of a correlation between the molar mass of a
sealing agent forming a terminal group of an organic
polymer and the hydrogen storage amount of a car-
bon material, which is evaluated in Examples ac-
cording to one embodiment of the present invention.

Description of Embodiments

[0018] Now, one of the embodiments of the present
invention will be described. The present invention is not
limited to examples shown in the embodiment.
[0019] A carbon material according to the embodiment
of the present invention (hereinafter referred to as "car-
bon material of the present invention") has a specific sur-
face area of 200m2/g or less and exhibits a hydrogen
storage capacity of 1.5310-5 g/m2 or more at a hydrogen
pressure of 10 MPa.
[0020] In this connection, in order to enhance the hy-
drogen storage capacity of a carbon material, it has hith-
erto been considered to be effective to increase the
number of pores of the carbon material, that is, to in-
crease the specific surface area thereof. In contrast, un-
expectedly, the carbonmaterial of the present invention
is compact and exhibits an excellent hydrogen storage
capacity as described above. Thus, the carbon material
of the present invention is preferably used as a carbon
material for hydrogen storage. That is, the carbonmate-
rial of the present invention is preferably applied to var-
ious devices and systems using hydrogen as fuel.
[0021] Therefore, one method according to the embod-
iment of the present invention may be a method including
using the carbon material of the present invention for
hydrogen storage. That is, in this method, the carbon
material of the present invention is caused to store hy-
drogen to be used as fuel. Further, in this method, after
the carbon material of the present invention is caused to
store hydrogen, the hydrogen may be released from the
carbon material of the present invention.
[0022] There is no particular limitation on the specific
surface area of the carbonmaterial of the present inven-
tion as long as the specific surface area is 200 m2/g or
less. The specific surface area may be, for example, 170
m2/g or less, 150 m2/g or less, less than 100 m2/g, 90
m2/g or less, or 80 m2/g or less.
[0023] More specifically, the specific surface area of
the carbon material of the present invention may be, for
example, 0.001 m2/g or more and 200 m2/g or less, 0.001
m2/g or more and 170 m2/g or less, 0.001 m2/g or more
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and 150 m2/g or less, 0.001 m2/g or more and less than
100 m2/g, 0.001 m2/g or more and less than 90 m2/g, or
0.001 m2/g or more and 80 m2/g or less. The specific
surface area is measured by a BET method using nitro-
gen gas.
[0024] Further, in those cases, the specific surface ar-
ea of the carbon material of the present invention may
be, for example, 0.005 m2/g or more, 0.010 m2/g or more,
0.050 m2/g or more, or 0.100 m2/g or more.
[0025] There is no particular limitation on the hydrogen
storage amount per unit surface area at a hydrogen pres-
sure of 10 MPa of the carbon material of the present
invention as long as the hydrogen storage amount is
1.5310-5 g/m2 or more. The hydrogen storage amount
per unit surface area at a hydrogen pressure of 10 MPa
may be, for example, 1.8310-5 g/m2 or more, or 2.0310-5

g/m2 or more. While there is no particular limitation on
the upper limit value of the hydrogen storage amount,
the upper limit value may be, for example, 10 g/m2 or less.
[0026] The hydrogen storage amount (wt%) of the car-
bon material of the present invention may increase line-
arly with respect to the hydrogen pressure. Specifically,
for example, when hydrogen storage amounts (wt%) of
the carbon material of the present invention at hydrogen
pressures at at least three points are measured while the
hydrogen pressure is increased from 0 MPa to 11.5 MPa,
a coefficient of correlation (R) obtained by subjecting val-
ues of the hydrogen storage amounts measured at the
at least three points to linear approximation by a least-
square method may be 0.950 or more.
[0027] When the hydrogen storage amount (wt%) of
the carbon material of the present invention is measured
while the hydrogen pressure is increased from 0 MPa to
11.5 MPa, and subsequently, the hydrogen storage
amount (wt%) is measured while the hydrogen pressure
is decreased from 11.5 MPa to 0 MPa, a ratio of the hy-
drogen storage amount (wt%) at the hydrogen pressure
of 4.0 MPa measured while the hydrogen pressure is
decreased, with respect to the hydrogen storage amount
(wt%) at the hydrogen pressure 4.0 MPa measured while
the hydrogen pressure is increased, may be 1.2 or more.
[0028] That is, the carbon material of the present in-
vention exhibits a relatively large hysteresis in a change
in hydrogen storage amount (wt%) in association with
the hydrogen pressure. The reason that such large hys-
teresis is exhibited is not clear, but it is conceivable that
a chemical interaction with hydrogen, which is specific
to the carbon structure of the carbon material of the
present invention, is reflected.
[0029] The carbon material of the present invention is
a porous carbon material. Specifically, the carbon mate-
rial of the present invention has pores each having a di-
ameter of less than 100 nm. In this respect, the carbon
material of the present invention may have a total pore
volume of 0.400 cm3/g or less.
[0030] In this case, the total pore volume of the carbon
material of the present invention may be, for example,
0.300 cm3/g or less, 0.200 cm3/g or less, 0.150 cm3/g or

less, or 0.100 cm3/g or less. More specifically, the total
pore volume of the carbon material of the present inven-
tion may be, for example, 0.001 cm3/g or more and 0.400
cm3/g or less, 0.001 cm3/g or more and 0.300 cm3/g or
less, 0.001 cm3/g or more and 0.200 cm3/g or less, 0.001
cm3/g or more and 0.150 cm3/g or less, or 0.001 cm3/g
or more and 0.100 cm3/g or less. Further, in those cases,
the total pore volume of the carbon material of the present
invention may be, for example, 0.002 cm3/g or more, or
0.003 cm3/g or more. The total pore volume of the carbon
material is calculated based on the maximum adsorption
amount in the BET method using nitrogen gas.
[0031] The carbon material of the present invention
has, as part of the pores, micropores each having a di-
ameter of less than 2 nm. In this respect, the total micro-
pore volume of the carbon material of the present inven-
tion may be, for example, 0.040 cm3/g or less, 0.035
cm3/g or less, or 0.030 cm3/g or less.
[0032] More specifically, the total micropore volume of
the carbon material of the present invention may be, for
example, 0.001 cm3/g or more and 0.040 cm3/g or less,
0.001 cm3/g or more and 0.035 cm3/g or less, or 0.001
cm3/g or more and 0.030 cm3/g or less. Further, in those
cases, the total micropore volume of the carbon material
of the present invention may be 0.002 cm3/g or more, or
0.003 cm3/g or more. The total micropore volume of the
carbon material is calculated by applying a DR method
to a nitrogen adsorption isotherm.
[0033] The carbon material of the present invention
has, as part of the pores, mesopores each having a di-
ameter of 2 nm or more and 50 nm or less. In this respect,
the total mesopore volume of the carbon material of the
present invention may be, for example, 0.300 cm3/g or
less, 0.200 cm3/g or less, 0.100 cm3/g or less, 0.050
cm3/g or less, 0.015 cm3/g or less, or 0.010 cm3/g or less.
[0034] More specifically, the total mesopore volume of
the carbon material of the present invention may be, for
example, 0.001 cm3/g or more and 0.300 cm3/g or less,
0.001 cm3/g or more and 0.200 cm3/g or less, 0.001
cm3/g or more and 0.100 cm3/g or less, 0.001 cm3/g or
more and 0.050 cm3/g or less, 0.001 cm3/g or more and
0.015 cm3/g or less, or 0.001 cm3/g or more and 0.010
cm3/g or less. The total mesopore volume of the carbon
material is calculated by a BJH method.
[0035] It is preferred that the carbon material of the
present invention contain nitrogen. In this respect, the
carbon material of the present invention may have a ratio
of a molar content (%) of nitrogen atoms with respect to
a molar content (%) of carbon atoms (hereinafter referred
to as "N/C ratio"), which is measured by an elemental
analysis method, of 0.030 or more.
[0036] In this case, the N/C ratio (-) of the carbon ma-
terial of the present invention may be, for example, 0.035
or more, 0.039 or more, 0.040 or more, or 0.041 or more.
More specifically, the N/C (-) of the carbon material of
the present invention may be, for example, 0.030 or more
and 0.075 or less, 0.035 or more and 0.075 or less, 0.039
or more and 0.075 or less, 0.040 or more and 0.075 or
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less, or 0.041 or more and 0.075 or less. Further, in those
cases, the N/C (-) of the carbon material of the present
invention may be, for example, 0.070 or less, or 0.065 or
less.
[0037] The carbon material of the present invention
may be free of a transition metal. In this case, the tran-
sition metal refers to a metal belonging to the groups 3
to 12 in the periodic table. The carbon material of the
present invention may be obtained by carbonizing a raw
material that contains an organic substance and is free
of a transition metal. That is, a method of producing the
carbon material of the present invention may be a method
involving carbonizing a raw material that contains an or-
ganic substance and is free of a transition metal.
[0038] The carbon material of the present invention
may be free of a metal. Further, the carbon material of
the present invention may be obtained by carbonizing a
raw material that contains an organic substance and is
free of a metal. That is, the method of producing the car-
bon material of the present invention may be a method
involving carbonizing a raw material that contains an or-
ganic substance and is free of a metal.
[0039] Carbonization is performed by heating a raw
material and keeping the raw material at a temperature
at which the raw material is carbonized (hereinafter re-
ferred to as "carbonization temperature"). There is no
particular limitation on the carbonization temperature as
long as the raw material is carbonized at the temperature.
The carbonization temperature may be, for example,
300°C or more, or 700°C or more. More specifically, the
carbonization temperaturemaybe, for example, from 300
°C to 3, 000 °C, or from 700°C to 2,000°C.
[0040] The temperature increase rate up to the car-
bonization temperature is, for example, from 0.5°C/min
to 300°C/min. A time period for keeping the raw material
at the carbonization temperature is, for example, from 5
minutes to 24 hours. It is preferred that carbonization be
performed under a stream of inert gas such as nitrogen.
[0041] There is no particular limitation on the organic
substance contained in the raw material as long as the
organic substance can be carbonized (can be used as a
carbon source), and any one or more kinds of organic
substances, such as an organic high-molecular-weight
compound (for example, an organic polymer), an organic
low-molecular-weight compound, and biomass, are
used.
[0042] As the organic substance, an organic sub-
stance containing nitrogen is preferably used. There is
no particular limitation on the nitrogen-containing organic
substance as long as the organic substance contains an
organic compound containing a nitrogen atom in a mol-
ecule thereof. For example, any one or more kinds of
nitrogen-containing organic substances, such as a nitro-
gen-containing organic high-molecular-weight com-
pound, a nitrogen-containing organic low-molecular-
weight compound, and nitrogen-containing biomass, are
used.
[0043] As the nitrogen-containing organic compound,

a nitrogen-containing organic polymer is preferably used.
There is no particular limitation on the nitrogen-contain-
ing organic polymer as long as the organic polymer con-
tains a nitrogen atom in a molecule thereof. Any one or
more kinds of nitrogen-containing organic polymers are
used.
[0044] Specifically, the nitrogen-containing organic
polymer may be, for example, one or more kinds selected
from the group consisting of polycarbodiimide, polypyr-
role, polyvinylpyrrole, 3-methylpolypyrrole, polyvinylpy-
ridine, polyaniline, polyaminobismaleimide, polyimide,
polybenzimidazole, polyamide, polyacrylonitrile, chitin,
chitosan, silk, wool, polyamino acids, nucleic acids, DNA,
RNA, polycarbazole, polybismaleimide, guanamine res-
ins, melamine resins, and polyamide imide resins.
[0045] There is no particular limitation on the content
of the organic polymer (for example, the nitrogen-con-
taining organic polymer) in the raw material as long as
the carbon material of the present invention having the
above-mentioned characteristics is obtained. The con-
tent may be, for example, from 1 wt% to 100 wt%, or from
10 wt% to 100 wt%.
[0046] As the nitrogen-containing organic polymer, for
example, polycarbodiimide is preferably used. In this
case, the carbon material of the present invention may
be obtained by carbonizing a raw material that contains
polycarbodiimide and is free of a transition metal.
[0047] There is no particular limitation on the polycar-
bodiimide as long as the polycarbodiimide is a polymer
of a carbodiimide. There is no particular limitation on the
polymerization degree of the polycarbodiimide. The po-
lymerization degree may be, for example, 2 or more and
30 or less, 2 or more and 25 or less, or 2 or more and 20
or less. Further, in those cases, the polymerization de-
gree of the polycarbodiimide may be, for example, 3 or
more, or 4 or more.
[0048] As the polycarbodiimide, for example, polycar-
bodiimide obtained by a condensation reaction of an or-
ganic diisocyanate involving the removal of carbon diox-
ide may be used. More specifically, the polycarbodiimide
is obtained, for example, by heating with stirring the or-
ganic diisocyanate in a solvent or without a solvent in the
presence of a phosphorus catalyst or a titanium catalyst.
The form of the polycarbodiimide thus obtained varies
depending on the kind of the organic diisocyanate used
as the raw material and is mainly a powder form, a lump
form, a liquid form, a starch syrup form, or a varnish form
dissolved in a solvent. In this embodiment, polycarbodi-
imide in any form may be used.
[0049] There is no particular limitation on the carbod-
iimide forming the polycarbodiimide as long as the car-
bodiimide is a compound having a functional group "-
N=C=N-". For example, the carbodiimide is synthesized
through use of one or more kinds selected from the group
consisting of an aromatic diisocyanate, an aliphatic di-
isocyanate, and an alicyclic diisocyanate.
[0050] Specifically, the carbodiimide forming the poly-
carbodiimide may be synthesized through use of one or
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more kinds selected from the group consisting of, for ex-
ample, 2,4-tolylene diisocyanate (TDI), 2,6-tolylene di-
isocyanate (TDI), xylylene diisocyanate (XDI), tetrame-
thylxylylene diisocyanate (TMXDI), diphenylmethane di-
isocyanate (MDI), isophorone diisocyanate (IPDI), 1,5-
naphthylene diisocyanate (NDI), hexamethylene diiso-
cyanate (HDI), tolidine diisocyanate (TODI), phenylene
diisocyanate (PPDI), dicyclohexylmethane diisocyanate
(HMDI), lysinediisocyanate (LDI), hydrogenated xylylene
diisocyanate (hydrogenated XDI), cyclohexyl diisocy-
anate (CHPI), bis(4-isocyanatocyclohexyl)methane, hy-
drogenated diphenylmethane diisocyanate, and deriva-
tives thereof.
[0051] There is no particular limitation on the content
of the polycarbodiimide in the raw material. The content
maybe, for example, 1 wt% or more and 100 wt% or less,
or 2 wt% or more and 100 wt% or less.
[0052] When the raw material contains polycarbodiim-
ide, the raw material may contain a polymer having a
main chain formed of the polycarbodiimide. In this case,
the carbon material of the present invention may be ob-
tained by carbonizing a raw material that contains a pol-
ymer having a main chain formed of polycarbodiimide
and is free of a transition metal.
[0053] The polymer having a main chain formed of
polycarbodiimide has a terminal group. That is, in polym-
erization of a polymer having a main chain formed of
polycarbodiimide, a sealing agent that reacts with an iso-
cyanate group is used, and as a result, the polymer has
a terminal group formed of the sealing agent. There is
no particular limitation on the sealing agent forming the
terminal group as long as the sealing agent reacts with
an isocyanate group and is used as a sealing agent in
polymerization. Specifically, the sealing agent forming
the terminal group may have, for example, one or more
kinds of functional groups selected from the group con-
sisting of an NH2 group, an OH group, a COOH group,
an NCO group, and an SH group. The molar mass of the
sealing agent forming the terminal group may be, for ex-
ample, 17 g/mol or more and 1,000 g/mol or less, 17
g/mol or more and 800 g/mol or less, 17 g/mol or more
and 600 g/mol or less, or 17 g/mol or more and 400 g/mol
or less. Further, in those cases, the molar mass of the
sealing agent forming the terminal group may be, for ex-
ample, 18 g/mol or more, or 19 g/mol or more.
[0054] The content of the polymer having a main chain
formed of polycarbodiimide in the raw material may be,
for example, 1 wt% or more and 100 wt% or less, or 2
wt% or more and 100 wt% or less.
[0055] The carbon material of the present invention
may be produced without performing activation treat-
ment. In this respect, in production of a large number of
carbon materials, the activation treatment has hitherto
been performed in order to enhance their characteristics.
In contrast, the above-mentioned excellent characteris-
tics of the carbon material of the present invention are
achieved without performing the activation treatment.
Therefore, the carbon material of the present invention

is produced efficiently in a process simplified compared
to that of the related art.
[0056] The carbon material of the present invention is
produced by the method involving carbonizing a raw ma-
terial as described above. In this connection, the inven-
tors of the present invention have found that, when a
carbon material is produced by carbonizing a raw mate-
rial containing an organic polymer having a main chain
and a terminal group, the hydrogen storage capacity of
the carbon material varies depending on the kind of the
terminal group.
[0057] In view of the foregoing, a method of producing
a carbonmaterial according to the embodiment of the
present invention may be, for example, a method of pro-
ducing a carbon material by carbonizing a raw material
containing an organic polymer, the method including: de-
termining a main chain of the organic polymer; determin-
ing a plurality of candidate terminal groups as terminal
groups of the determined main chain; providing a plurality
of candidate polymers each containing the main chain
and at least one kind of the determined plurality of can-
didate terminal groups; carbonizing raw materials con-
taining the provided plurality of candidate polymers to
prepare a plurality of candidate carbon materials; evalu-
ating a hydrogen storage capacity of each of the prepared
plurality of candidate carbon materials; selecting at least
one kind of the candidate carbon material from the plu-
rality of candidate carbon materials based on a result of
the evaluation of the hydrogen storage capacity; and car-
bonizing a raw material containing, as the organic poly-
mer, the candidate polymer used for preparing the se-
lected candidate carbon material, to thereby produce the
carbon material.
[0058] That is, in this method, first, a main chain of an
organic polymer is determined. In this case, it is preferred
that the organic polymer be the above-mentioned nitro-
gen-containing organic polymer. Further, as a main chain
of the nitrogen-containing organic polymer, for example,
a main chain formed of polycarbodiimide is preferably
used.
[0059] Next, a plurality of candidate terminal groups
are determined as terminal groups of the determined
main chain. There is no particular limitation on the plu-
rality of candidate terminal groups as long as the plurality
of candidate terminal groups are different kinds of
groups. For example, when a main chain formed of poly-
carbodiimide is used, a plurality of candidate terminal
groups of different kinds, each of which reacts with an
isocyanate group, are preferably used.
[0060] Further, the plurality of candidate terminal
groups may be, for example, a plurality of candidate ter-
minal groups obtained from a plurality of sealing agents
having different molar masses. The molar mass of each
of the sealing agents forming the terminal groups may
be, for example, 17 g/mol or more and 1,000 g/mol or
less, 17 g/mol or more and 800 g/mol or less, 17 g/mol
or more and 600 g/mol or less, or 17 g/mol or more and
400 g/mol or less. Further, in those cases, the molar mass
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of each of the sealing agents forming the terminal groups
may be, for example, 18 g/mol or more, or 19 g/mol or
more.
[0061] Next, a plurality of candidate polymers each
containing the main chain and at least one kind of the
plurality of candidate terminal groups are provided. For
providing the plurality of candidate polymers, the candi-
date polymers may be synthesized or the candidate pol-
ymers synthesized in advance may be obtained.
[0062] Next, raw materials containing the provided plu-
rality of candidate polymers are carbonized to prepare a
plurality of candidate carbon materials. That is, raw ma-
terials containing different candidate polymers are car-
bonized to prepare a plurality of candidate carbon mate-
rials using different candidate polymers in their raw ma-
terials.
[0063] Next, the hydrogen storage capacity of each of
the prepared plurality of candidate carbon materials is
evaluated. That is, the hydrogen storage capacity of each
of the plurality of candidate carbon materials is measured
and they are compared to each other.
[0064] Next, at least one kind of the candidate carbon
material is selected from the plurality of candidate carbon
materials based on a result of the evaluation of the hy-
drogen storage capacity. That is, a candidate carbon ma-
terial having a desired hydrogen storage capacity is se-
lected from the plurality of candidate carbon materials.
Specifically, for example, one kind of the candidate car-
bon material having the highest hydrogen storage capac-
ity may be selected from the plurality of candidate carbon
materials, or two or more kinds (but not all the kinds) of
the candidate carbon materials each having a high hy-
drogen storage capacity may be selected from the plu-
rality of candidate carbon materials.
[0065] Next, a raw material containing, as the organic
polymer, the candidate polymer used for preparing the
selected candidate carbon material is carbonized to pro-
duce a carbon material. That is, the candidate polymer
used for preparing the selected candidate carbon mate-
rial is determined as an organic polymer preferred for
achieving the desired hydrogen storage capacity, and
the raw material containing the organic polymer is actu-
ally carbonized to produce a carbon material. According
to such a method, the carbon material having the desired
hydrogen storage capacity is produced efficiently.
[0066] Next, specific Examples according to the em-
bodiment are described.

Examples

[Preparation of Raw Material]

[0067] A carbon material was produced by a method
including carbonizing a raw material that contained an
organic polymer and was free of a transition metal. As
the organic polymer, a polymer having a main chain
formed of polycarbodiimide having a polymerization de-
gree of from 4 to 13 and a terminal group obtained from

a sealing agent having a molar mass of from 30 g/mol to
400 g/mol was used.
[0068] As the polycarbodiimide, a polymer of tolylene
diisocyanate (TDI), tolidine diisocyanate (TODI), diphe-
nylmethane diisocyanate (MDI), naphthylene diisocy-
anate (NDI), phenylene diisocyanate (PPDI), or xylylene
diisocyanate (XDI) was used.
[0069] As the sealing agent forming the terminal group,
methanol (molar mass: 32.04 g/mol), phenyl isocyanate
(molar mass: 119.12 g/mol), octanol (molar mass: 130.23
g/mol), dodecyl alcohol (molar mass: 186.34 g/mol), oleyl
alcohol (molar mass: 268.48 g/mol), or polyethylene gly-
col methyl ether (molar mass: 400.00 g/mol) was used.

[Example 1]

[0070] 22.4 g of naphthylene diisocyanate (NDI), 0.11
g of a carbodiimidization catalyst (3-methyl-1-phenyl-2-
phospholene-1-oxide), 1.37 g of methanol, and toluene
serving as a solvent were loaded into a four-necked flask,
and the mixture was adjusted so that the total concen-
tration of the diisocyanate and the sealing agent (meth-
anol) reached 20 wt%. Next, the resultant was caused
to react at 60°C for 1 hour with stirring in a nitrogen gas
atmosphere and polymerized at 100°C for 5 hours. It was
confirmed by an IR (Fourier transform infrared spectrom-
eter manufactured by Shimadzu Corporation) that a peak
of isocyanate was eliminated. Thus, an organic polymer
containing a main chain formed of polycarbodiimide was
synthesized.
[0071] Next, the obtained organic polymer solution
was cast onto a Teflon (trademark) sheet and dried in a
fume hood for half a day to remove the solvent. Then,
the resultant was kept in a muffle furnace under a stream
of air at 80°C for 3 hours and at 120°C for 3 hours, to
thereby further remove the solvent. After that, the com-
position was kept at 200°C for 5 hours and at 230°C for
4 hours to be subjected to curing treatment. The cured
product thus obtained was used as a raw material for
carbonization.
[0072] The raw material prepared as described above
was heated at 10°C/min in a tubular furnace under a
stream of nitrogen and kept at 1,000°C for 1 hour to be
carbonized, to thereby provide a carbon material.

[Example 2]

[0073] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in
Example 1 except that 23.0 g of tolylene diisocyanate
(TDI) was used as the diisocyanate in place of NDI, 0.12
g of the carbodiimidization catalyst and 1.7 g of methanol
were used, and the polymerization was performed for 9
hours.

[Example 3]

[0074] An organic polymer was synthesized and a car-
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bon material was produced in the same manner as in
Example 1 except that 22.7 g of xylylene diisocyanate
(XDI) was used as the diisocyanate in place of NDI, cy-
clohexanone was used as the solvent in place of toluene,
0.12 g of the carbodiimidization catalyst and 1.5 g of
methanol were used, and the polymerization was per-
formed for 4 hours.

[Example 4]

[0075] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in
Example 1 except that 22.0 g of diphenylmethane diiso-
cyanate (MDI) was used as the diisocyanate in place of
NDI, 0.12 g of the carbodiimidization catalyst and 1.1 g
of methanol were used, the reaction was performed at
65°C for 45 minutes, and the polymerization was per-
formed at 100°C for 3 hours.

[Example 5]

[0076] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in
Example 1 except that 32.8 g of tolidine diisocyanate
(TODI) was used as the diisocyanate in place of NDI,
0.17g of the carbodiimidization catalyst and 1.6 g of meth-
anol were used, the total concentration of the diisocy-
anate and the sealing agent (methanol) was set to 30
wt%, the reaction was performed at 65°C for 30 minutes,
and the polymerization was performed at 100°C for 4
hours and 30 minutes.

[Example 6]

[0077] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in
Example 1 except that 46.4 g of tolylene diisocyanate
(TDI) was used as the diisocyanate in place of NDI, 0.10
g of the carbodiimidization catalyst was used, 4.5 g of
phenyl isocyanate was used as the sealing agent in place
of methanol, the total concentration of the diisocyanate
and the sealing agent was set to 40 wt%, and the polym-
erization was performed for 3 hours.

[Example 7]

[0078] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in
Example 6 except that 34.4 g of TDI and 0.19 g of the
carbodiimidization catalyst were used, 3.7 g of octanol
was used as the sealing agent in place of phenyl isocy-
anate, and the total concentration of the diisocyanate and
the sealing agent was set to 30 wt%.

[Example 8]

[0079] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in

Example 6 except that 30.4 g of TDI and 0.19 g of the
carbodiimidization catalyst were used, 6.7 g of oleyl al-
cohol was used as the sealing agent in place of phenyl
isocyanate, the total concentration of the diisocyanate
and the sealing agent was set to 30 wt%, and the polym-
erization was performed for 6 hours.

[Example 9]

[0080] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in
Example 6 except that 32.7 g of TDI and 0.19 g of the
carbodiimidization catalyst were used, 5.0 g of dodecyl
alcohol was used as the sealing agent in place of phenyl
isocyanate, the total concentration of the diisocyanate
and the sealing agent was set to 30 wt%, and the polym-
erization was performed for 6 hours.

[Example 10]

[0081] An organic polymer was synthesized and a car-
bon material was produced in the same manner as in
Example 6 except that 27.4 g of TDI and 0.18 g of the
carbodiimidization catalyst were used, 9.0 g of polyeth-
ylene glycol methyl ether (molecular weight: 400) was
used as the sealing agent in place of phenyl isocyanate,
the total concentration of the diisocyanate and the sealing
agent was set to 30 wt%, and the polymerization was
performed for 4 hours.

[Measurement of Specific Surface Area, Total Pore Vol-
ume, Total Micropore Volume, and Total Mesopore Vol-
ume]

[0082] Each carbon material obtained as described
above was subj ected to nitrogen adsorption and des-
orption measurement at 77 K. That is, the specific surface
area, the total pore volume, the total micropore volume,
and the total mesopore volume of the carbonmaterial
were measured through a use of an automatic specific
surface area and pore distribution measurement appa-
ratus (BELSORP-mini II manufactured by BEL Japan,
Inc.).
[0083] Specifically, first, 0.05 g of a carbon material
was kept at 400°C and a pressure of 1 Pa or less for 12
hours to remove water adsorbing to the carbon material.
Then, the specific surface area of the carbon material
was measured by a BET method using nitrogen gas. Fur-
ther, the total pore volume was calculated from the max-
imum adsorption amount of nitrogen gas. Further, the
micropore volume was calculated by a DR method, and
the mesopore volume was calculated by a BJH method.
[0084] The DR method is a method developed for in-
vestigation of micropores of activated carbon, and is used
for samples having various micropores (Dubinin, M. M.
In Progress in Surface and Membrane Science, 9 (D. A.
Cadenhead ed.), Academic Press 1975). Further, the
BJH method is a typical method of determining the dis-
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tribution of mesopores proposed by Barrett, Joyner, and
Halenda (E. P. Barrett, L. G. Joyner, and P. P. Halenda,
J. Am. Chem. Soc. , 73, 373, (1951)). [Measurement of
Hydrogen Storage Capacity]
[0085] Each carbon material obtained as described
above was measured for a hydrogen storage amount at
a hydrogen pressure of from 0 MPa to 11.5 MPa at 298
K in accordance with JIS H 7201. That is, first, about 1
g of the carbon material was loaded into a sample tube
and evacuated until the pressure in the sample tube
reached 10 Pa or less. The sample tube was kept at
200°C for 2 hours, to thereby subject the carbon material
to pretreatment. After that, He gas was introduced into
the sample tube, and the volume of the carbon material
was measured. Further, the sample tube was evacuated
for 3 hours or more to remove the He gas from the test
tube.
[0086] Then, hydrogen gas was introduced into the test
tube, and a hydrogen storage amount (wt%) was meas-
ured while the hydrogen pressure was increased from 0
MPa to 11.5 MPa. Subsequently, the hydrogen storage
amount (wt%) was measured while the hydrogen pres-
sure was reduced from 11.5 MPa to 0 MPa.
[0087] Further, the hydrogen storage amount (wt%) at
a hydrogen pressure of 10 MPa thus obtained was con-
verted into a hydrogen storage amount (g) per g of the
carbon material. The obtained value was divided by the
specific surface area obtained as described above, to
thereby calculate a hydrogen storage amount (g/m2) per
unit surface area at a hydrogen pressure of 10 MPa. Spe-
cifically, the hydrogen storage amount (wt%) represents
a ratio (wt%) of a hydrogen amount (g) stored per g of
the carbon material. Therefore, for example, the hydro-
gen storage amount (g/m2) per unit surface area of a
carbon material having a specific surface area of 200
m2/g and a hydrogen storage amount of 0.2 (wt%) is cal-
culated by the following expression:

[Measurement of Atom Ratio (N/C Ratio) (Elemental 
Analysis Method)]

[0088] The contents of carbon atoms and nitrogen at-
oms in each carbon material were measured by a com-
bustion method through use of an organic elemental
microanalysis apparatus (2400II manufactured by Perk-
inElmer Co., Ltd.). 2 mg of the carbon material was an-
alyzed using helium as a carrier gas under conditions of
a combustion tube temperature of 980°C and a reduction
tube temperature of 640°C. A ratio of the molar content
(%) of the nitrogen atoms with respect to the molar con-
tent (%) of the carbon atoms thus obtained was calculat-
ed as an N/C ratio.

[Comparative Example 1]

[0089] A carbon material was produced by a method
including carbonizing a raw material containing an or-
ganic polymer and a transition metal.
[0090] Specifically, 100 mL of acetone was mixed with
10 g of a phenol resin to prepare a mixed solution. 3.05
g of phthalocyanine iron was added to the mixed solution,
and the resultant was stirred at normal temperature for
1 hour through use of a magnetic stirrer. The solvent was
removed from the mixture at 60°C through use of a rotary
evaporator while the mixture was irradiated with an ul-
trasonic wave. Thus, a raw material containing an organic
polymer and a transition metal was obtained.
[0091] Next, the raw material was carbonized. Specif-
ically, the raw material was loaded into a quartz tube,
and the quartz tube was purged with nitrogen gas for 20
minutes in an elliptical surface reflection type infrared
gold image furnace. Then, heating was started to in-
crease the temperature in the gold image furnace from
room temperature to 800°C at a temperature increase
rate of 10°C/min. After that, the quartz tube was kept at
800°C for 1 hour. Thus, a carbon material generated by
carbonizing the raw material was obtained.
[0092] Further, the carbon material was subjected to
pulverization treatment. Specifically, silicon nitride balls
each having a diameter of 1.5 mm were placed in a plan-
etary ball mill (P-7 manufactured by Fritsch Japan Co.,
Ltd.), and the carbon material obtained by carbonization
treatment was pulverized at a rotation speed of 800 rpm
for 60 minutes. The pulverized carbon material was re-
moved from the planetary ball mill and classified with a
sieve having an opening of 106 mm. Thus, a powdery
carbon material having passed through the sieve was
obtained as a comparative material 1.

[Comparative Example 2]

[0093] The comparative material 1 obtained in Com-
parative Example 1 was subjected to CO2 activation
treatment. Specifically, the comparative material 1 was
loaded into a quartz tube, and the quartz tube was purged
with CO2 gas for 20 minutes in an elliptical surface re-
flection type infrared gold image furnace. Then, heating
was started to increase the temperature in the gold image
furnace from room temperature to 800°C at a tempera-
ture increase rate of 50 °C/min. After that, the quartz tube
was kept at 800°C for 1 hour. A carbon material thus
obtained was used as a comparative material 2.

[Comparative Example 3]

[0094] A carbon material was produced by a method
including carbonizing a raw material containing an or-
ganic polymer and a transition metal.
[0095] Specifically, 1.5 g of a polyacrylonitrile-
polymethacrylic acid copolymer was dissolved in 20 g of
dimethylformamide. After that, 1.5 g of cobalt chloride
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hexahydrate and 1.5 g of 2-methylimidazole were added
to the resultant, and the mixture was stirred for 2 hours
to provide a blue solution. Ketjenblack (EC600JD man-
ufactured by Lion Corporation) was added to the obtained
solution so as to achieve 30 wt%, followed by mixing
through use of a mortar. Thus, a raw material containing
an organic polymer and a transition metal was obtained.
[0096] Next, the raw material was subjected to infusi-
bilization treatment. Specifically, the raw material was
placed in a forced-circulation type dryer. Then, the
forced-circulation type dryer was increased in tempera-
ture from room temperature to 150°C over 30 minutes in
the atmosphere and subsequently increased in temper-
ature from 150°C to 220°C over 2 hours. After that, the
raw material was kept at 220°C for 3 hours. Thus, the
raw material was infusibilized.
[0097] Then, the raw material was carbonized. Specif-
ically, the raw material subjected to infusibilization treat-
ment was loaded into a quartz tube, and the quartz tube
was purged with nitrogen for 20 minutes in an elliptical
surface reflection type infrared gold image furnace. Then,
heating was started to increase the temperature in the
gold image furnace from room temperature to 900°C at
a temperature increase rate of 10°C/min. After that, the
quartz tube was kept at 900°C for 1 hour. Thus, a carbon
material generated by carbonizing the raw material was
obtained.
[0098] Further, the carbon material was subjected to
pulverization treatment in the same manner as in the
comparative material 1, to thereby provide a powdery
carbon material as a comparative material 3.

[Comparative Example 4]

[0099] The comparative material 3 obtained in Com-
parative Example 3 was subjected to CO2 activation
treatment in the same manner as in Comparative Exam-
ple 2. A carbon material thus obtained was used as a
comparative material 4.

[Comparative Example 5]

[0100] Porous carbon (MAXSORB (trademark) manu-
factured by Kansai Coke and Chemicals Co. , Ltd.) which
was alkali-activated carbon was used as a comparative
material 5.

[Comparative Example 6]

[0101] Powdery activated carbon (Kuraray Coal PW
for water purification manufactured by Kuraray Chemical
Co., Ltd.) was used as a comparative material 6.

[Comparative Example 7]

[0102] Carbon black (VULCAN XC-72 manufactured
by Cabot Japan K.K.) was used as a comparative mate-
rial 7.

[Comparative Example 8]

[0103] Carbon black (Ketjenblack EC600JD manufac-
tured by Lion Corporation) was prepared as a compara-
tive material 8.

[Measurement]

[0104] Each of the comparative materials 1 to 8 was
measured for a specific surface area, a total pore volume,
a total micropore volume, a total mesopore volume, an
N/C ratio, and a hydrogen storage capacity in the same
manner as in Examples 1 to 10.

[Results]

[0105] FIG. 1A and FIG. 1B are each a table for show-
ing the rawmaterial (main chain of the polymer, the po-
lymerization degree of the main chain, the kind and molar
mass of the sealing agent forming the terminal group),
the hydrogen storage amount at a hydrogen pressure of
10 MPa, the specific surface area, the total pore volume,
the total mesopore volume, the total micropore volume,
and the N/C ratio of each material of Examples 1 to 10
and Comparative Examples 1 to 8.
[0106] As shown in FIG. 1B, the specific surface area
of each carbon material according to Comparative Ex-
amples 1 to 8 was from 301 m2/g to 2,870m2/g. In con-
trast, as shown in FIG. 1A, the specific surface area of
each carbon material according to Examples 1 to 10 was
from 1 m2/g to 160 m2/g. That is, the specific surface
area of each carbon material according to Examples 1
to 10 was significantly smaller than that of each carbon
material according to Comparative Examples 1 to 8. Of
those, the specific surface area of each carbon material
according to Examples 1, 2, and 4 to 10 was particularly
significantly small.
[0107] Further, the hydrogen storage amount per unit
area at a hydrogen pressure of 10 MPa of each carbon
material according to Comparative Examples 1 to 8 was
from 0.27310-5 g/m2 to 0.82310-5 g/m2. In contrast, the
hydrogen storage amount at a hydrogen pressure of 10
MPa of each carbon material according to Examples 1
to 10 was from 1. 94310-5 g/m2 to 180310-5 g/m2. That
is, the hydrogen storage amount per unit area of each
carbon material according to Examples 1 to 10 was sig-
nificantly larger than that of each carbon material accord-
ing to Comparative Examples 1 to 8. Of those, the hy-
drogen storage amount per unit area of each carbon ma-
terial according to Examples 1, 2, and 4 to 10 was par-
ticularly significantly large.
[0108] As described above, it was confirmed that each
carbon material according to Examples 1 to 10 (in par-
ticular, Examples 1, 2, and 4 to 10) was compact and
exhibited an excellent hydrogen storage capacity com-
pared to each carbon material according to Comparative
Examples 1 to 8.
[0109] FIG. 2A and FIG. 2B are each a graph for show-
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ing results obtained by measuring the hydrogen storage
amount (wt%) of each carbonmaterial according to Ex-
amples 1 to 5 and Examples 6 to 10 while changing a
hydrogen pressure. As shown in FIG. 2A and FIG. 2B,
the hydrogen storage amounts (black marks in FIG. 2A
and FIG. 2B), which were measured while the hydrogen
pressure was increased, increased linearly with respect
to the hydrogen pressure.
[0110] Specifically, a coefficient of correlation (R),
which was obtained by subjecting values of the hydrogen
storage amounts measured while the hydrogen pressure
was increased from 0 MPa to 11.5 MPa to linear approx-
imation by a least-square method, was from 0.968 to
0.999.
[0111] Further, as shown in FIG. 2A and FIG. 2B, a
relatively large hysteresis was confirmed. Specifically, a
ratio of the hydrogen storage amount (wt%) at the hydro-
gen pressure of 4.0 MPa measured while the hydrogen
pressure was decreased, with respect to the hydrogen
storage amount (wt%) at the hydrogen pressure of 4.0
MPa measured while the hydrogen pressure was in-
creased, was from 1.2 to 2.9.
[0112] FIG. 3 is a graph for showing a correlation be-
tween the molar mass (g/mol) of the sealing agent form-
ing the terminal group of the organic polymer used in the
production of each carbon material according to Exam-
ples 6 to 10 and the hydrogen storage amount (wt%) of
the carbon material.
[0113] As shown in FIG. 3, the hydrogen storage ca-
pacity of the carbon material changed in accordance with
the molar mass of the sealing agent forming the terminal
group of the organic polymer used in the production of
the carbon material. In particular, in a range of the molar
mass of the sealing agent forming the terminal group of
from 100 g/mol to 300 g/mol, the following tendency was
confirmed: the hydrogen storage amount (wt%) of the
carbon material also increased with an increase in molar
mass of the sealing agent forming the terminal group.
[0114] Thus, it was considered that the hydrogen stor-
age capacity of the carbon material could be controlled
by the kind and molar mass of the sealing agent forming
the terminal group of the organic polymer used in the raw
material for carbonization. Further, a terminal group ca-
pable of achieving a desired hydrogen storage capacity
is specified by comparing a plurality of terminal groups
obtained from a plurality of sealing agents having differ-
ent molar masses in terms of the hydrogen storage ca-
pacity of the carbonmaterial, and then, a carbon material
having the desired hydrogen storage capacity should al-
so be produced efficiently through use of an organic pol-
ymer having the specified terminal group.
[0115] In Examples, polycarbodiimide was used as the
main chain of the nitrogen-containing organic polymer,
but other main chains may be used as long as the carbon
material of the present invention is produced. Specifical-
ly, for example, it is presumed that polycarbodiimide
forms a trimer, and hence a main chain formed of a mela-
mine resin or a guanamine resin having a triazine ring

similar to the trimer may be used.

Claims

1. A carbon material, which has a specific surface area
of 200 m2/g or less and exhibits a hydrogen storage
capacity of 1.5310-5 g/m2 or more at a hydrogen
pressure of 10 MPa.

2. The carbon material according to claim 1, wherein
the carbon material has a total pore volume of 0.400
cm3/g or less.

3. The carbon material according to claim 1 or 2, where-
in the carbon material has a ratio of a molar content
of nitrogen atoms with respect to a molar content of
carbon atoms, which is measured by an elemental
analysis method, of 0.030 or more.

4. The carbon material according to any one of claims
1 to 3, wherein the carbon material is free of a tran-
sition metal.

5. The carbon material according to any one of claims
1 to 4, wherein the carbon material is obtained by
carbonizing a rawmaterial that contains an organic
substance and is free of a transition metal.

6. The carbon material according to any one of claims
1 to 5, wherein the carbon material has a hydrogen
storage amount (wt%) that increases linearly with
respect to a hydrogen pressure.

7. The carbon material according to any one of claims
1 to 6, wherein, when a hydrogen storage amount
(wt%) of the carbon material is measured while a
hydrogen pressure is increased from 0 MPa to 11.5
MPa, and then the hydrogen storage amount is
measured while the hydrogen pressure is decreased
from 11.5 MPa to 0 MPa, a ratio of the hydrogen
storage amount at the hydrogen pressure of 4.0 MPa
measured while the hydrogen pressure is de-
creased, with respect to the hydrogen storage
amount at the hydrogen pressure of 4.0 MPa meas-
ured while the hydrogen pressure is increased, is
1.2 or more.

8. A method, comprising using the carbon material of
any one of claims 1 to 7 for hydrogen storage.

9. A method of producing the carbon material of any
one of claims 1 to 7 by carbonizing a raw material
containing an organic polymer, the method compris-
ing:

determining a main chain of the organic polymer;
determining a plurality of candidate terminal
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groups as terminal groups of the determined
main chain;
providing a plurality of candidate polymers each
containing the main chain and at least one kind
of the determined plurality of candidate terminal
groups;
carbonizing raw materials containing the provid-
ed plurality of candidate polymers to prepare a
plurality of candidate carbon materials;
evaluating a hydrogen storage capacity of each
of the prepared plurality of candidate carbon ma-
terials;
selecting at least one kind of the candidate car-
bon material from the plurality of candidate car-
bon materials based on a result of the evaluation
of the hydrogen storage capacity; and
carbonizing a rawmaterial containing, as the or-
ganic polymer, the candidate polymer used for
preparing the selected candidate carbon mate-
rial, to thereby produce the carbon material.

10. A method of producing a carbon material by carbon-
izing a raw material containing an organic polymer,
the method comprising:

determining a main chain of the organic polymer;
determining a plurality of candidate terminal
groups as terminal groups of the determined
main chain;
providing a plurality of candidate polymers each
containing the main chain and at least one kind
of the determined plurality of candidate terminal
groups;
carbonizing raw materials containing the provid-
ed plurality of candidate polymers to prepare a
plurality of candidate carbon materials;
evaluating a hydrogen storage capacity of each
of the prepared plurality of candidate carbon ma-
terials;
selecting at least one kind of the candidate car-
bon material from the plurality of candidate car-
bon materials based on a result of the evaluation
of the hydrogen storage capacity; and
carbonizing a rawmaterial containing, as the or-
ganic polymer, the candidate polymer used for
preparing the selected candidate carbon mate-
rial, to thereby produce the carbon material.
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